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T here has been much focus on improving the quality of health care by limiting complications, hospital-acquired conditions, and other providerpreventable complications, as this would be beneficial to patients, providers, and payers. Pay-for-performance measures seek to improve the quality of health care by rewarding practitioners for achieving better patient outcomes. 15 This system assumes that patient outcomes can be favorably changed by practitioner practices in every situation or that complications are all avoidable.
Preexisting comorbidities have been shown to increase the risk of certain perioperative complications; 12, 14, 16 however, this has not been studied for neurosurgical procedures in children. We sought to determine the incidence of postoperative complications in a large cohort of pediatric patients undergoing neurosurgery. We focused on the relationship between individual patient comorbidities and complication occurrence. To the best of our knowledge, this is the first attempt to evaluate the impact of patient comorbidities on the incidence of perioperative complications in pediatric neurosurgery.
Methods

Study Design
A retrospective assessment of complications in pediatric neurosurgery at Texas Children's Hospital over a 5-year period (July 1, 2007-June 30, 2012) was performed. Operative data and morbidity and mortality data were collected in a prospective manner and were entered into the neurosurgery and hospital databases. No inclusion or exclusion criteria were applied. All pediatric patients undergoing a Object. Recent attempts to control health care costs focus on reducing or eliminating payments for complications, hospital-acquired conditions, and provider preventable conditions, with payment restrictions applied uniformly. A patient's preexisting comorbidities likely influence the perioperative complication incidence. This relationship has not previously been examined in pediatric neurosurgery.
Methods. The authors conducted a retrospective assessment of prospectively collected relevant patient comorbidities and morbidity and mortality events at a large pediatric neurosurgical unit over a 5-year period. The authors examined the impact of specific comorbidities and the cumulative effect of multiple comorbidities on complication incidence.
Results. A total of 1990 patients underwent 3195 procedures at the authors' institution during the 5-year study period. Overall, 396 complications were analyzed; 298 patients (15.0%) experienced at least one complication. One or more comorbidities were present in 45.9% of patients. Renal comorbidities were clearly associated with the increased incidence of complications (p = 0.02), and they were specifically associated with infection (p = 0.006). Neurological comorbidities had a borderline association with complications (p = 0.05), and they were specifically associated with death (p = 0.037). A patient's having more comorbidities did not correlate with an increased risk of a perioperative complication (p = 0.8275).
Conclusions. The complication incidence in pediatric neurosurgery is variable and may be influenced by the type of neurosurgical procedure and patient-related factors. While patient-related factors beyond the control of the provider can significantly impact complications and hospital-acquired conditions in pediatric neurosurgery, an increasing number of comorbidities do not correlate with an increased risk of complications per patient. neurosurgical procedure in a consecutive manner during the study period were eligible for inclusion.
Definition of Complication
Based on morbidity and mortality data, and a consensus of a panel of 6 fellowship-trained pediatric neurosurgery faculty attending the quality assurance conference, all perioperative medical adverse events defined as "complications" and agreed upon by our panel were included in our assessment (Table 1) . Complications were classified as death, infection, new neurological deficit, or other.
Identification of Comorbidities
Initial data collection included relevant patient demographics. Comorbidities were independently captured and entered into the neurosurgery and hospital databases by the patients' primary care physician. We examined the impact of the cumulative effect of multiple comorbidities and specific comorbidities on complication incidence. We identified and focused on the most common comorbidities in the pediatric population using specified ICD-9 codes (Table 2) . 13 It should be noted that neurological comorbidities, such as hydrocephalus and CNS tumor, used as an indication for neurosurgical intervention, were excluded from analysis.
Statistical Analysis
Statistical analysis was performed using SAS software (SAS Institute, Inc.). The p values were calculated using logistic regression as well as the Pearson chi-square test for contingency tables, and they were considered significant at < 0.05. To test for a relationship between the number of comorbidities and the incidence of complications, we fitted a logistic regression model in which the dependent variable was a binary variable representing the occurrence of any complication and the independent variable was the total of number of comorbidities. In testing the relationships between types of comorbidities and complications, we focused on the following 4 categories from Table 2 : neuromuscular, cardiovascular, respiratory, and renal. We were interested in these categories because they represent major organ systems and their corresponding comorbidities are most relevant to the anesthesia and operative aspects of pediatric neurosurgery. The Pearson chi-square test for contingency tables was used to evaluate for associations between a categorical variable representing the types of complications listed in Table 1 and each of the 4 chosen types of comorbidity. For those comorbidities that had a significant general association with complications, we fitted logistic regression models in which the dependent variable was, in turn, a binary variable for the occurrence of each type of complication to determine which one in particular was associated with the comorbidity.
Results
Patient Demographics and Operative Data
A total of 1990 patients underwent 3195 procedures and underwent follow-up in the immediate postoperative period (< 30 days after surgery) during the 5-year duration of the study. The mean age for the overall patient group was 7.17 ± 6.22 years (range 0-33 years). Surgery included CSF diversion procedures (in 35.4% of patients), cerebrovascular surgery (in 2.6%), brain tumor surgery (in 10.8%), epilepsy surgery (in 7.5%), surgery for movement disorders (in 7.8%), repair of spinal dysraphism (in 6.0%), complex (fusion with instrumentation) spine surgery (in 5.3%), other cranial procedures (in 6%), surgery for traumatic brain injuries (in 3.1%) craniofacial surgery (in 5.6%), minor procedures (in 8.3%), pain procedures (in 1.1%), and peripheral nerve procedures (in 0.5% of patients).
Complication Rates
A total of 396 complications occurred in our series. There were 32 deaths, 54 new neurological deficits, 113 infections, and 197 other complications. Two hundred ninetyeight patients (15.0%) experienced at least 1 complication.
Comorbidities
A predefined list of pediatric patient comorbidities was recorded (Table 2 ). Nearly half of the patients had 1 or more comorbidities (914 patients [45.9%]). On average there were 0.6 comorbidities per patient in our series (range 0-4 comorbidities). Figure 1 demonstrates the distribution of the number of comorbidities for each patient in our cohort. Logistic regression of complication incidence compared with the number of comorbidities was performed. Overall, an increasing number of comorbidities did not correlate with an increased risk of complication (p = 0.8275). However, the presence of a renal comorbidity in particular was associated with an increased incidence of complications (p = 0.02), and it was specifically linked to infection (OR 25.13 [95% CI 2.56-246.54], p = 0.006). Neurological comorbidities had a borderline association with complications (p = 0.05), and they were specifically associated with the complication of death (OR 3.66 [95% CI 1.10-12.20], p = 0.037).
Discussion
Relationship of Comorbidities and Complication Incidence
The correlation between preexisting medical comorbidities and perioperative complications has not been explored in pediatric neurosurgery. Recently, an effort was made to explore this relationship in adult patients undergoing spine surgery. 4 In that study, the authors conducted a prospective assessment of complications in spine surgery during a 6-month period. Of the 249 patients included in their study, 133 patients (52.2%) experienced at least 1 complication. At least 1 comorbidity was present in 86% of the patients. An increasing number of comorbidities strongly correlated with an increased risk of perioperative complications (p < 0.0001). Patient factors correlating with increased risk of specific complications included systemic malignancy and cardiac conditions other than hypertension.
We used a list of the most common comorbidities in the pediatric population (Table 2 ) and then determined the number of common comorbidities present in each of our patients (Fig. 1) . Our overall complication rate of 15% was comparable to that in previously published studies. 6 Of all the comorbidities that we assessed, only a renal comorbidity was associated with an increased risk of complications, particularly infection. Neurological comorbidities had a statistically significant association with postoperative mortality. Based on our data, renal or neurological comorbidities lead to an inherent increased risk of perioperative complications, factors that are out of the control of the provider.
Aside from these, we did not find any other associations with comorbidities and complications. In our series, an increasing number of comorbidities were not associated with an increased risk of complication. One interpretation of these data may suggest that pediatric neurosurgery is considered very high risk, 6 and an incremental increase in the number of patient comorbidities cannot statistically increase surgical risk any further.
Another perspective of these data is rooted in the assumption that most comorbidities in the pediatric population are congenital. Congenital comorbidities may be tolerated more because of better systemic adaptation.
1 These better tolerated comorbidities may have a less negative cumulative influence on surgical risk.
Study Limitations
Our study includes many inherent opportunities for bias. First, despite the fact that all health care providers experience and deal with complications, the definition of a "complication" still lacks agreement or standardization. 2, 3, 9, 11 One of the challenges facing the medical profession is to record and compare complications in a reproducible manner. Unfortunately, this is a difficult and often contentious task. 5 Historically, complications have been assessed in an anecdotal or case basis, as in a weekly "morbidity and mortality" format, such as that used in our present study. 8 However, this approach tends to focus on only the most dramatic of complications and does not always generate reproducible recommendations. 10 Individual judgments may be inextricably linked to defining when a "complication" occurs. Some complications may be relatively easy to quantify, such as a surgical infection rate. Other scenarios are open to individual interpretations.
Second, our pediatric patient population was complex. The tertiary care population subject to this assessment may not be representative of the general pediatric neurosurgical population, and therefore our results may not be applicable to the pediatric neurosurgery community as a whole.
Third, the definition of comorbidities chosen for this study was likewise broad, subjective, and not validated. Drake et al. previously published consensus definitions of some complications specific to pediatric neurosurgery.
7
Each of the complications outlined in their report was considered a complication in our group. Our broad approach may incorporate elements of limited clinical impact. We attempted to account for this limitation by restricting our analysis to the most common recorded comorbidities in the pediatric population. 13 Finally, our study also suffers from sources of biases and confounding data due to the retrospective recall aspect of our analysis. Future assessments of clinical outcome in pediatric neurosurgery may seek to examine the prospective effect of complication occurrence.
Conclusions
The incidence of perioperative complications in pediatric neurosurgery is influenced by a number of factors, some of which cannot be controlled. The type of neurosurgical procedure and patient-related factors, such as preexisting comorbidities, may influence complication incidence. Comorbidities may significantly increase the risk of perioperative complications. In our series, renal comorbidities were associated with an increased risk of complications, particularly infections. Neurological comorbidities were significantly associated with postoperative mortality. Therefore, patient factors beyond the control of the provider, can significantly impact complications and hospitalacquired conditions in pediatric neurosurgery.
